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SEAL STAGING SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a Non-Provisional of Provisional of 
US. Provisional Patent Application Ser. No. 60/563,418 
?led Apr. 19, 2004. 

BACKGROUND OF THE INVENTION 

The present invention generally relates to staged seal 
assemblies, particularly for extreme duty applications in 
pumps, mixers, etc. More particularly, the present invention 
relates to a staged seal assembly having multiple staged 
seals and an external pressure breakdown device connected 
to an external device. Even more particularly, the seal 
assembly may be con?gured to be installed in a neW 
installation or replace an existing seal assembly (e.g., a 
non-staged seal assembly) Without requiring modi?cations 
to existing, external systems originally connected to the 
replaced seal assembly. 

Staged seal assemblies are knoWn, Wherein the seal 
assembly includes multiple staged seals in series along a 
rotating shaft to reduce an operational pressure to a fraction 
of its original value in order to reduce the severity of the seal 
duty, to provide operational redundancy (i.e., seal redun 
dancy), or to meet a certain seal leakage criteria. The 
reduction or division of pressure is established by a ?oW 
path With a controlled pressure reducing mechanism or 
device (e.g., ori?ces, length of coiled tubing, valves, etc.), 
Which is placed in parallel With each seal stage. The ?oW 
through the parallel path is typically much greater than the 
seal leakage such that normal variations to the seal leakage 
of any stage results in only small changes in the breakdoWn 
of the staging pressure(s) (sometimes referred to as staging 
“stilfness”). HoWever, conventional staged seal assemblies 
do not contain an external pressure breakdoWn device, let 
alone, one con?gured to connect to external devices or 
systems. External pressure breakdoWn device, as de?ned 
herein, is a pressure breakdoWn device additional to the one 
pressure breakdoWn device per staged seal found in staged 
seals. 

Moreover, current staged seal assemblies are not con?g 
ured to replace existing non-staged seal assemblies Without 
requiring modi?cations to external devices or systems. Non 
staged seal assemblies are mechanical seals that include 
multiple seals in series along a rotating shaft but lack the 
parallel ?oW path that alloWs a portion of ?uid to ?oW 
through a pressure breakdoWn device. Therefore, non-staged 
seal assemblies do not have controlled pressure breakdoWn 
across each seal. The pressure breakdoWn device is variable, 
depending upon the ratio of one seal leakage to another and 
the external boundary conditions. Generally, the non-staged 
seals have very high seal leakage (e.g., 1-8 gal/min in 
extreme duty applications) due to the severe pressure across 
the seal (e.g., 2250 psi at the ?rst seal). Such non-staged seal 
assemblies have increased seal Wear and maintenance 
requirements and lack redundancy found With staged seals. 

Non-staged seals Were placed into service in extreme duty 
applications. Due to the high leakage and increased risk of 
seal failure due to the pressure at the seal, particularly at the 
?rst seal, external devices Were connected to the seal assem 
blies such as monitoring/measuring equipment, volume con 
trol tanks, etc. These systems Were designed for the speci?c 
?uid ?oW parameters (e.g., pressure and ?oW) of the ?oW at 
the location Where the external device is connected to the 
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2 
seal assembly. For example, many non-staged seal assem 
blies had external devices such as a ?oW monitor or volume 
control tank connected to them after the ?rst seal such that 
the leakage past this ?rst seal could be monitored or con 
trolled before moving onto the second seal. Thus, the 
external device Was designed for that speci?c ?uid’s ?oW 
parameters. 

This is problematic When replacing or retro?tting a non 
staged seal. It is desirable to replace the non-staged seal 
assembly With a staged seal assembly to achieve the increase 
reliability and redundancy of staged seals over non-staged 
seals. HoWever, a staged seal has different ?uid ?oW param 
eters after each of its staged seal versus the random ?uid 
?oW parameters found after each of the non-staged seals. 
Therefore, if one Would replace a non-stage seal assembly 
With a staged seal assembly, it Would generally require 
replacing or modifying all the existing external equipment 
originally connected to the non-staged seal assembly (e.g., 
?uid ?oW monitoring equipment, volume control tanks, etc.) 
so that the external device’s ?uid ?oW capabilities match the 
?uid ?oW of the neW staged seal assembly. These modi? 
cations, particularly Within primary coolant pumps of 
nuclear facilities, can be extensive and expensive to under 
take. This extensive and costly undertaking has prevented 
companies from replacing existing, non-staged seal assem 
blies With staged seal assemblies, thus preventing the com 
panies from achieving the bene?ts of staged seals (e.g., 
increased seal life and redundancy). Moreover, conventional 
staged seal assemblies are not designed to have external 
channels that feed external devices connected to the system 
diverting some of the ?uid from the staged seal assembly to 
the external device While maintaining approximately equal 
pressure breakdoWns across each staged seal of the seal 
assembly. 

Accordingly, there is a need for improved staged seal 
assemblies. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is intended to address 
and obviate problems and shortcomings and otherWise 
improve previous mechanical seal systems. 
One exemplary embodiment of the present invention is a 

staged seal assembly that comprises a plurality of staged 
seals con?gured to be disposed in series along a shaft. Each 
staged seal includes a shaft seal and a seal bypass. The seal 
bypass is con?gured to direct a portion of ?uid through a 
pressure breakdoWn device around the seal of the respective 
staged seal. The staged seal assembly of the exemplary 
embodiment also includes an external pressure breakdoWn 
device that is connected to and/or part of the seal assembly 
and also connected to an external device. 

Another exemplary embodiment of the present invention 
is a staged seal assembly that comprises a plurality of staged 
seals disposed in series along a shaft. The plurality of staged 
seals includes at least one staged seal comprising a shaft seal 
and a seal bypass and a ?nal staged seal disposed consecu 
tive to the at least one staged seal. The ?nal staged seal also 
includes a shaft seal and a seal bypass. In this exemplary 
embodiment, the seal bypass of the at least one staged seal 
is con?gured to direct a portion of ?uid through a pressure 
breakdoWn device around the shaft seal of this staged seal to 
a consecutive one of the plurality of staged seals, and the 
seal bypass of the ?nal staged seal is con?gured to direct a 
portion of ?uid through a pressure breakdoWn device around 
the shaft seal of the ?nal staged seal to a second external 
channel. The staged seal assembly also includes a ?rst 
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external channel that is ?uidly connected to the seal assem 
bly and to an external device. The ?rst external channel 
comprises an external pressure breakdown device that is 
con?gured to adapt the staged seal assembly to replace an 
existing, non-staged seal assembly along a shaft. 
An exemplary method of the present invention includes a 

method for replacing a non-staged seal assembly with a 
staged seal assembly. The exemplary method includes pro 
viding a staged seal assembly having a plurality of staged 
seals in series and connecting an external pressure break 
down device to the staged seal assembly. The external 
pressure breakdown device is con?gured to be connectable 
to and match the ?uid parameter of an existing, external 
device that was originally connected to the non-staged seal 
assembly targeted to be replaced by the staged seal assem 
bly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the speci?cation concludes with claims particularly 
pointing out and distinctly claiming the invention, it is 
believed the same will be better understood from the fol 
lowing description taken in conjunction with the accompa 
nying drawings in which: 

FIG. 1 is a cross sectional view of an exemplary embodi 
ment of the staged seal assembly according to the present 
invention; 

FIG. 2 is a schematic view of the staged seal assembly 
illustrated in FIG. 1; and 

FIG. 3 is a perspective cut-away view of the staged seal 
assembly illustrated in FIG. 1. 

The embodiments set forth in the drawings are illustrative 
in nature and not intended to be limiting of the invention 
de?ned by the claims. Moreover, individual features of the 
drawings and the invention will be more fully apparent and 
understood in view of the detailed description. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Reference will now be made in detail to various embodi 
ments of the invention, examples of which are illustrated in 
the accompanying drawings, wherein like numerals indicate 
similar elements throughout the views. 
The present invention provides an improved staged seal 

assembly, particularly as a retro?t or replacement seal 
assembly (e.g., seal cartridge) for existing, seal assemblies 
(e.g., seal cartridge) used in extreme duty applications. Even 
more particularly, one exemplary embodiment of the present 
invention provides a staged seal assembly con?gured to 
replace an existing, non-staged seal assembly used in a 
primary coolant pump for a reactor in nuclear facilities 
without having to change-out or modify the existing external 
systems that were originally designed for and connected to 
the existing, non-staged seal assembly. 

Referring to FIGS. 1-3, an exemplary embodiment of a 
staged seal assembly 10 of the present invention is shown as 
generally including a seal assembly housing 14, shaft sleeve 
12, multiple staged seals (e.g., ?rst staged seal 2011, second 
staged seal 20b, and third staged seal 20c) and a ?rst external 
channel 60 having an external pres sure breakdown device 62 
that is ?uidly connected to the seal assembly and a device 
100 external to the staged seal assembly 10. Fluidly con 
nected, as used herein, is de?ned as a connection con?gured 
such that ?uid may move, circulate, or ?ow through such 
connection. Staged seals 20a, 20b, and 200, each include a 
shaft seal (e.g., 30a, 30b, and 300, respectively) positioned 
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4 
in series along a rotating shaft 5 to provide multiple con 
secutive sealing surfaces from a high pressure side A (e.g., 
right side of FIG. 1) to a low pressure side B (e.g., left side 
of FIG. 1) of seal assembly 10. Such staged seals also 
include a seal bypass (e.g., 40a, 40b, and 400) that provides 
a parallel ?ow path for a portion of the high pressure ?uid 
to bypass or circulate around the shaft seal (e.g., 30a, 30b, 
and 300) of its respective stage. For simplicity, the multiple 
staged seals will be illustrated with reference to ?rst staged 
seal 20a and should be understood that like components in 
consecutive staged seals (e.g., second stage seal 20b and 
third stage seal 200) will have like reference numbers 
designated by ‘b’ and ‘c’ for second and third staged seals, 
respectively. 

It is understood that the multiple staged seals (e.g., 20a, 
20b, and 200) of the present invention may be any conven 
tional or yet-to-be developed mechanical, staged seals for 
providing a seal along a rotating shaft for a variety of 
equipment such as pumps, compressors, mixers, etc without 
departing from the spirit and scope of the present invention. 
In an exemplary embodiment, the staged seals are designed 
for extreme duty applications such as primary coolant 
pumps. An exemplary embodiment of a mechanical seal 
assembly having multiple staged seals that may be used in 
conjunction with the present invention is shown and 
described in commonly assigned US. Pat. No. 4,586,719 to 
Marsi et al., and herein incorporated by reference. As shown 
in FIG. 1, staged seal 2011 includes a staged seal cavity 2211 
that ?uidly connects to both shaft seal 30a and seal bypass 
40a (parallel ?ow paths). Shaft seal 3011 may include a 
rotatable seal ring 31a and a stationary seal 3311, wherein one 
may be resiliently biased toward the other. The pair of seal 
rings 31a and 33a include relatively rotating, opposed, and 
lapped sealing faces 32a and 34a across which the ?ow of 
high pressure ?uid from high pressure side (A) to lower 
pressure side (B) in housing 14 is substantially prevented. 
Seal ring 3311 may be made from a variety of materials (e. g., 
carbon) and seal ring 31a may be made from a variety of 
materials, including but not limited to a harder material, 
such as titanium carbide, silicon carbide, or similar materi 
als. 

Stationary seal ring 33a may have a reduced inner diam 
eter ?ange 35a that extends rearwardly and partially encom 
passes a balance sleeve device 3611. Stationary seal ring 3311 
is centered on balance sleeve device 3611 by an elastomeric 
gasket 37a disposed between stationary seal ring 3311 and 
sleeve device 36a. Such an elastomeric gasket permits 
limited axial movement of seal ring 3311 relative to sleeve 
device 3611. Seal ring 3311 is con?gured to connected to body 
14 to prevent rotation of seal ring 33a relative to body 14. 
Any variety of conventional or yet-to-be developed methods 
as known to one of ordinary skill in the art to hold seal ring 
3311 stationary and allow rotating seal 31a to rotate may be 
used without departing from the spirit and scope of the 
present invention and need not be described in detail herein. 
Moreover, it is understood that bypass seal 3011 may include 
other staged seal components, including but not limited to 
coil springs, spring retainers, elastomeric gaskets, O-rings, 
cap screws, retainers, adaptors, etc., as known to one of 
ordinary skill in the art and need not be described in detail 
herein. 

Generally, such multiple staged seals provide approxi 
mately an equal pressure breakdown across each staged seal, 
to increase the life of each seal and to provide redundancy 
of the seals. For example, seal assembly 10 may be con?g 
ured to provide approximately equal pressure breakdown 
(reduction) across each staged seal, (e.g., pressure break 
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doWn equal to approximately 750 psi across each staged 
seal). Each of the staged seals accomplish the pressure 
breakdown or reduction via the parallel ?oW path of seal 
bypass 40a, Which directs the ?uid that enters seal bypass 
40a through a pressure breakdown device 4411 and around 
shaft seal 3011. As described above, the ?oW through this 
parallel path (e.g., seal bypass 40a) is generally greater than 
the leakage through the shaft seal (e. g., shaft seal 30a) of that 
respective stage. Pressure breakdoWn device, as used herein, 
is de?ned as a device or mechanism con?gured to reduce, 
divide, or breakdoWn the pressure of the ?uid passing 
through the device by a particular amount upon its exit from 
the device (e.g., ori?ces, coiled tubing, valves, or any other 
pressure breakdoWn devices knoWn to one of ordinary skill 
in the art). 

In the exemplary embodiment, seal bypass 4011 includes a 
bypass ?oW channel 42a connected to cavity 22a and 
con?gured such that a portion of the high pressure ?uid 
passes through ?rst pressure breakdoWn device 4411 bypass 
ing respective shaft seal 30a of staged seal 20a, and a portion 
of high pressure ?uid leaks through shaft seal 30a. The 
portion of ?uid that circulates through pressure breakdoWn 
device 44a (i.e., bypasses shaft seal 30a) enters into a second 
staged seal cavity 22b and has a reduced ?uid pressure (node 
2, FIG. 2). Similarly, a portion of the ?uid in cavity 22b Will 
leak through shaft seal 30b, and a portion Will bypass shaft 
seal 30b and circulate or pass through a pressure breakdoWn 
device 44b. Once this portion of ?uid circulates through 
breakdoWn device 44b, it Will have a reduced ?uid pressure 
as it enters a third staged seal cavity 220 (node 3, FIG. 2). 
Finally, a portion of the ?uid in cavity 220 Will leak through 
shaft seal 30c, and a portion Will be directed by seal bypass 
400 to bypass shaft seal 30c and to pass through a pressure 
breakdoWn device 440. The portion of ?uid that leaks 
through shaft seal 300 is minimal in the exemplary embodi 
ment (about 0 gal/min) and may drain (50) into a connected 
drain tank 52. 

The portion of ?uid that circulates through third break 
doWn device 440 Will have a reduced ?uid pressure as it exits 
breakdoWn device 440 (node 4, FIG. 2). BreakdoWn device 
440 may be ?uidly connected to a second external channel 
70, Which in turn, may be connected to an external device 
(e.g., head tank 102). Head tank 102 may also be ?uidly 
connected to reactor drain tank 52, alloWing the portion of 
?uid that exits break doWn device 440 to pass into head tank 
102 and then into reactor drain tank 52. The pressure 
breakdoWn devices may comprise a variety of shapes, siZes, 
and con?gurations as knoWn to one of ordinary skill in the 
art, including but not limited to tubing, coiled tubing, 
controlled, active, and any other knoWn pres sure breakdoWn 
devices. Active pressure breakdoWn devices include pres 
sure breakdoWn devices, Wherein such device is character 
istics are changeable by some controller input. Seal assem 
bly 10 may comprise any number of stages or staged seals 
such as the three that are found in this exemplary embodi 
ment. 

In the exemplary embodiment, seal assembly 10 is a 
staged seal assembly designed or con?gured to replace an 
existing seal assembly (e.g., staged or non-staged) Without 
requiring modi?cations to existing, external devices or sys 
tems previously connected to the seal assembly being 
replaced. In many instances, the existing seal assembly Will 
have one or more external channels connecting it to existing 
external devices or systems such as monitoring/measure 
ment equipment, volume control tank 100, head 102. These 
external channels output the ?uid at a particular ?uid param 
eter (e.g., ?oW and pressure) and thus the external devices 
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6 
have been designed to receive and handle these particular 
?uid parameters. In the exemplary embodiment, staged seal 
assembly 10 is con?gured to replace an existing, non-staged 
seal assembly that has tWo external channels and thus seal 
assembly 10 includes a ?rst external channel 60 that ?uid 
connects seal assembly 10 to an existing external volume 
control tank 100 and a second external channel 70 that 
?uidly connects seal assembly 10 to an existing volume 
control tank 102. 

In the exemplary embodiment, seal assembly 10 includes 
an external pressure breakdoWn device 62 ?uidly connected 
to ?rst external channel 60. First external channel 60 directs 
a portion of ?uid from seal assembly 10 through pressure 
breakdoWn device 62 to volume control tank 100. It is 
understood that ?rst external channel 60 and external pres 
sure breakdoWn device 62 may be connected to seal assem 
bly 10 at any desired location. In the exemplary embodiment 
shoWn, external channel 60 and external pressure break 
doWn device 62 are ?uidly connected to second cavity 22b 
of seal assembly 10 betWeen ?rst staged seal 20a and second 
staged seal 20b, thus alloWing a portion of the ?uid in this 
cavity to ?oW through pressure breakdoWn device 62 rather 
than second staged seal 20b (i.e., shaft seal 30b and second 
pressure breakdoWn device 44b). It is also understood seal 
assembly 10 of the present invention may not include 
external channel 60 and simply ?uidly connect external 
pressure breakdoWn device 62 directly to seal assembly 10 
and may include more than one external pres sure breakdoWn 
device Without departing from the spirit and scope of the 
present invention. 

External pressure breakdoWn device 62 of the present 
invention is con?gured to maintain the approximately equal 
pressure breakdoWn across each of the staged seals of seal 
assembly 10 While matching (or not exceeding) the ?uid 
parameters required by the existing, external devices (e.g., 
control tank 100 and volume control tank 102). For example, 
external pressure breakdoWn device 62 may be con?gured to 
maintain the folloWing pressure breakdoWns: ?rst staged 
seal reduces initial pressure from approximately 2250 psi at 
node 1 (FIG. 2) to approximately 1300 psi (a breakdoWn of 
950 psi) at node 2 (FIG. 2); second staged seal reduces 
pressure from approximately 1300 psi to approximately 300 
psi (a breakdoWn of 1000 psi) at node 3 (FIG. 2); and third 
staged seal reduces pressure from 300 psi to approximately 
0 psi (a breakdoWn of 300 psi) at node 4 (FIG. 2). While 
maintaining these pressure breakdoWns, external pressure 
breakdoWn device 62 is also con?gured to substantially 
match (or not exceed) the existing required ?uid pressure of 
approximately 20 psi to approximately 100 psi and ?uid 
?oW of approximately 1 gal/min to approximately 8 gal/min 
from ?rst external channel 60 to volume control tank 100 
and the existing required ?uid pressure of approximately 0.5 
psi to approximately 10 psi and ?uid ?oW of approximately 
0.1 gal/min to approximately 1 gal/min from second external 
channel 70 to second volume control tank 102. 

In another exemplary embodiment, seal assembly 10 may 
include all the components as shoWn and described above 
and further include one or more valves (not shoWn) con?g 
ured to close each seal assembly outlet (e.g., external 
channels 60 and 70). The valve is con?gured to shut-off ?uid 
?oW leaving seal assembly 10 and thus because of continuity 
all ?uid ?oW through seal assembly 10 Will cease. Seal 
assembly 10 may include a bimetallic strip connected to or 
incorporated into the valve and con?gured to sense the 
temperature of the ?uid and operate the valve to shut o? the 
?uid ?oW from seal assembly 10 When the ?uid temperature 
exceeds a set value to protect the seal assembly. In yet 
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another exemplary embodiment, in place of the bimetallic 
strip set forth above, seal assembly 10 may include a thermal 
shape memory alloy connected to or incorporated into the 
valve and con?gured to operate the valve to shut off the ?uid 
?ow from seal assembly 10. These exemplary embodiments 
of a temperature triggered shut-off system is particularly 
useful in primary coolant pumps during a plant shut-down or 
black-out. 

Accordingly, this invention is intended to embrace all 
alternatives, modi?cations and variations that have been 
discussed herein, and others that fall within the spirit and 
broad scope of the claims. 

What is claimed is: 
1. A staged seal assembly, comprising: 
a ?rst staged seal for sealing along a rotating shaft, said 

?rst staged seal comprising a ?rst shaft seal and a ?rst 
seal bypass, wherein said ?rst seal bypass directs a 
portion of ?uid through a ?rst pressure breakdown 
device that is parallel to said ?rst shaft seal; 

a second staged seal for sealing along said rotating shaft 
disposed in series with said ?rst staged seal, said 
second staged seal comprising a second shaft seal and 
a second seal bypass, wherein said second seal bypass 
is ?uidly connected to said ?rst seal bypass at a ?rst 
node and directs a portion of ?uid from said ?rst seal 
bypass through a second pressure breakdown device 
that is parallel to said second shaft seal; and 

a third pressure breakdown device that is ?uidly con 
nected to said ?rst and second seal bypasses at said ?rst 
node such that a portion of ?uid from said ?rst node 
through said third pressure breakdown device. 

2. The seal assembly according to claim 1, wherein said 
third pressure breakdown device is con?gured to adapt said 
staged seal assembly to replace an existing, non-staged seal 
assembly along a shaft. 

3. The seal assembly according to claim 1, wherein said 
third pressure breakdown device operates to maintain sub 
stantially equal pressure reductions across each of said ?rst 
and second staged seals. 

4. The seal assembly according to claim 1, wherein said 
third pressure breakdown device is con?gured to substan 
tially match the ?ow and pressure parameters of an existing, 
external device. 

5. The seal assembly according to claim 4, wherein said 
?ow parameter is from about 1 g/min. to about 8 g/min and 
said pressure parameter is from about 5 psi to about 100 psi. 

6. The seal assembly according to claim 1, wherein said 
?rst and second pressure breakdown devices of said respec 
tive ?rst and second staged seals are controlled pressure 
breakdown devices. 

7. The seal assembly according to claim 1, wherein said 
?rst and second pressure breakdown devices of said respec 
tive ?rst and second staged seals are active pressure break 
down devices. 

8. The seal assembly according to claim 1, further com 
prising: 

an inlet con?gured to circulate a ?uid into said ?rst staged 
seal; 

a valve connected to an outlet of said seal assembly; and 
a bimetallic strip connected to said valve and con?gured 

to close said valve at a set temperature of the ?uid 
entering said ?rst staged seal. 

9. The seal assembly according to claim 1, further com 
prising: 

a valve connected to an outlet of said seal assembly; and 
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8 
a thermal shape memory alloy connected to said valve and 

con?gured to close said valve at a set temperature of the 
?uid entering said ?rst staged seal. 

10. The staged seal assembly according to claim 1, 
wherein said third pressure breakdown device is ?uidly 
connected to an existing external device such that ?uid from 
said seal assembly may ?ow through said third pressure 
breakdown device into said external device. 

11. The staged seal assembly according to claim 10, 
wherein said external device is a volume control tank. 

12. The staged seal assembly according to claim 1, 
wherein said staged seal assembly provides a seal for a shaft 
of a primary coolant pump. 

13. The staged seal assembly according to claim 1, 
wherein said staged seal assembly provides a seal for a shaft 
of a mixer. 

14. The staged seal assembly according to claim 1, 
wherein said ?rst, second, and third pressure breakdown 
devices are a length of coiled tubing. 

15. The seal assembly according to claim 1, wherein said 
third pressure breakdown device is operable to cause ?uid 
exiting said third pressure breakdown device to have ?uid 
parameters that substantially match the ?uid parameters of 
an existing, external device. 

16. The staged seal assembly according to claim 1, 
wherein said third pressure breakdown device permits the 
adjustment of a ?rst pressure reduction across said ?rst 
staged seal and a second pressure reduction across said 
second staged seal such that said ?rst and second pressure 
reductions are unequal to one another. 

17. The staged seal according to claim 1, wherein a ?rst 
pressure reduction across said ?rst staged seal is about 950 
psi and a second pressure reduction across said second 
staged seal is about 1000 psi. 

18. A method for replacing a non-staged seal assembly 
with a staged seal assembly, comprising 

removing a non-staged seal assembly from a shaft; 
providing a staged seal assembly according to claim 1; 
connecting said third pres sure breakdown device from the 

?rst node to an existing external device; 
manipulating a pressure reduction across said third pres 

sure breakdown in order to control a ?rst pressure 

reduction across said ?rst stage seal and a second 

pressure reduction across said second stage seal. 

19. The method according to claim 18, wherein said ?rst 
and second pressure reductions are not equal to one another. 

20. A staged seal assembly, comprising: 
a ?rst staged seal for sealing along a rotating shaft, the 

?rst staged seal comprising a ?rst shaft seal and a ?rst 
seal bypass, wherein the ?rst seal bypass directs a 
portion of ?uid through a ?rst pressure breakdown 
device that is parallel to the ?rst shaft seal; 

a second staged seal for sealing along the rotating shaft 
disposed in series with the ?rst staged seal, the second 
staged seal comprising a second shaft seal and a second 
seal bypass, wherein the second seal bypass is ?uidly 
connected to the ?rst seal bypass and directs a portion 
of ?uid from the ?rst seal bypass through a second 
pressure breakdown device that is parallel to the second 
shaft seal; 

a third stage seal for sealing along the rotating shaft 
disposed in series with the second staged seal, the third 
staged seal comprising a third shaft seal and a third seal 
bypass, wherein the third seal bypass is ?uidly con 
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nected to the second seal bypass and directs a portion 
of ?uid from the second seal bypass through a third 
pressure breakdown device that is parallel to the third 
shaft seal; and 

a ?ow channel having a fourth pressure breakdown device 
that is ?uidly connected between the ?rst and second 
seal bypasses and directs a portion of ?uid from the ?rst 
and second bypasses through the fourth pres sure break 
down device. 

21. The seal assembly according to claim 20, wherein said 
pressure reduction across said ?rst staged seal is from about 
850 psi, to about 1050 psi, said second staged seal is from 
900 psi to about 1000 psi, and said third stage is from 200 
psi to about 400 psi. 

10 
22. A staged seal assembly, comprising: 
two or more shaft seals disposed in series for sealing 

along a rotating shaft; 
two or more pressure breakdown devices, wherein each 

one of said two or more pressure breakdown devices 
provides a parallel ?ow path around a respective one of 
said two or more shaft seals, and wherein said two or 
more pressure breakdown devices are connected to 
each other in series; 

an external pressure breakdown device for controlling 
pressure reductions across said two or more shaft seals 
and ?uidly connected between two of said two or more 
pressure breakdown devices. 

* * * * * 


